INTRODUCTION
Alcohol use disorders (AUD) have been associated with excessive all-cause mortality in three meta-analyses [1] [2] [3] and this has further been corroborated in recent populationbased cohort studies. 4 5 Important causes of death are injuries and suicide; these are highlighted in patients presenting with AUDs. 2 3 6 Mental disorders, other than AUDs, are associated with increased all-cause mortality 1 3 and suicide. 3 6 7 Whereas alcohol dependence is significantly associated with all types of substance and psychiatric disorders, 8 the co-occurrence of mental disorders and AUDs should be taken into account when studying outcomes in patients with these disorders.
Alcohol-related problems or AUDs have been described as a substantial burden on emergency departments (EDs.), [9] [10] [11] [12] and the Strengths and limitations of this study ▪ A population-based prospective cohort study was conducted in a setting with uniform financing of healthcare. ▪ The universal use of personal identifier at the emergency department (ED) and in the nationwide mortality registry enabled record linkage, and accurate counting the number of visits to the ED and ascertainment of vital status. ▪ The discharge diagnosis at the ED and the cause of death (from the death certificate in the mortality registry) were systematically reported according to the International Classification of Diseases, tenth version. ▪ The study material is from a single healthcare institution, which limits the generalisability of the results; however, there was no competition from the same kind of institutions in the catchment area. ▪ The patients in the ED may have had other diagnoses in the paper records besides the main diagnosis; these were not available for this study. However, the main diagnosis at discharge, chosen by the attending physician, reflects the most important clinical conclusion of the patient's visit.
increase in alcohol-related visits and suboptimal management at the ED calls for action. 12 The imminent and long-term mortality risks of drunken patients in the ED have only rarely been studied, 13 although mortality investigations have been undertaken repeatedly on patients with a clinical diagnosis of AUDs or persons with AUDs identified in general population surveys. [1] [2] [3] [4] [5] Increased allcause mortality of AUD patients from the ED was found in a small study 13 with excess death from injuries and suicide. The setting at the ED of Landspitali-the National University Hospital of Iceland (LUH), which is the only acute care hospital serving the population of the capital area of Reykjavik, offers a unique opportunity to study the survival of those with alcohol diagnosis through the nationwide death registry.
The aim was to study the cause-specific mortality of users of the ED-those who receive a diagnosis of AUDs in comparison with the mortality of all other users of the department-while taking into consideration other psychiatric diagnoses and frequency of visits.
METHODS
This was a prospective cohort study of all individuals who attended the ED at the LUH, and who were subsequently discharged home during the study period 2002-2008. The data consisted of computer records of patients aged 18 years and above, and comprised 107 237 individuals and 257 955 visits to the ED (an average of 2.4 visits per individual). The records contained routinely collected data on every visit, including the unique registration number of each visit, personal identification number of the patient, gender, date of birth, time and date of admission, discharge diagnosis recorded according to the International Classification of Diseases tenth revision (ICD-10), and the time and date of discharge. The LUH, a university hospital at the forefront of specialised care in Iceland, offers tertiary care and is the principal trauma centre for the whole country. The LUH and the ED were the only acute care hospital and ED operated for adults in the larger capital area of Reykjavik (the municipalities of Reykjavik, Kopavogur, Seltjarnarnes, Gardabaer, Hafnarfjordur, Alftanes and Mosfellsbaer), and for that catchment area it served as a community hospital. At the LUH, other specialised EDs for psychiatry, paediatrics as well as gynaecology and obstetrics were operated. In 2005, the midyear population aged 18 years and above in the Reykjavik capital area was 137 124. 14 The 107 237 patients attending the ED during the study period comprised 78% of the area's inhabitants; thus, the cohort may be considered to be population-based.
Personal identification numbers were used in the record linkage of the study cohort with the National Cause-of-Death Registry to obtain information on vital status and, where applicable, the date and the cause of death according to the death certificates. The causes of death were classified according to the ICD-10.
The users of the ED had, on average, visited the department more than twice during the study period and received each time one main diagnosis that was recorded in the computer system. The diagnoses were assigned by a senior physician, or by a junior physician under the auspices of a senior, and the attending physician selected one main diagnosis as the discharge diagnosis to be entered into the computer records. All these routinely collected clinical diagnoses were according to ICD-10 criteria. Any patient who had ever received AUD diagnosis (ICD-10 codes F10) as the main diagnosis during the study period was included in the exposed group (n=1210), while the 106 027 patients who never received an AUD diagnosis constituted the comparison group. The total number of visits was counted per individual. The first received diagnosis was used to define the exposed group and the comparison group. The other diagnoses were also taken into account as covariates.
The follow-up started on the day that the patient was first discharged from the ED with an AUD diagnosis or in the comparison group, and ended on the date of death of the patient or on the closing date of the study, 31 December 2008, whichever occurred first. The Cox proportional model was used to estimate HR and 95% CIs for all deaths and selected causes of death, 15 comparing those in the AUD group with those in the comparison group. Person time at risk was calculated for each individual and covariates were gender, age, number of visits, year of entrance and selected discharge diagnoses. Several calculations were performedcrude comparison without any adjustment; comparison with adjustment for gender and age only; adjustment for gender, age (date of birth), number of visits and year of entrance; and several different discharge diagnoses. Gender and discharge diagnoses were introduced into the model as categorical variables and age, number of visits and year of entrance as continuous variables. After introducing age, gender, number of visits and year of entrance into the model, all these covariates were statistically significant. According to previous studies, mental disorders and use of alcohol are related, and these, in turn, are associated with mortality. Thus, mental disorders according to main diagnoses were adjusted for in the model, 1 2 7 8 and were statistically significant. Several other main diagnoses, including those with the highest proportion in the AUD group, were also tested as covariates in the model, such as diseases of the circulatory system, diseases of the musculoskeletal system, symptoms, signs, abnormal clinical and laboratory findings, and injuries. However, these covariates did not change the results, had less than 10% effect on the HR, and were therefore omitted from the model. We decided to show the model when adjusted for age, gender, number of visits, year of entrance and mental disorders. The subcategories of causes of death were selected in the results table when three or more deaths had occurred, and thus we displayed approximately 90% of the causes of death. Survival function for all causes of death at the mean of covariates (adjusted for gender, age, number of visits, year of entrance, and mental and behavioural disorders at discharge) was calculated for those in the AUD group and for those in the comparison group, and displayed as two separate curves.
RESULTS
The number of individuals aged 18-106 years attending the ED was 107 237 and all together the person-years totalled 408 194. Table 1 shows the characteristics of the cohort attending the ED in the years 2002-2008. The cohort comprised 57 181 men, and 50 056 women. Those in the AUD group differed from those in the comparison group with regard to age and gender. In the AUD group, there were 63.7% men and 36.3% women, while in comparison group comprised 53.2% men and 46.8% women. The mean age for the AUD group was 41.5 years while it was 43.5 years for the comparison group.
Selected discharge diagnoses (other than AUD at the ED) are shown in table 2. The AUD group had a higher percentage in all the selected discharged diagnoses. Figure 1 shows the survival function adjusted for age, gender, number of visits, year of entrance and mental or behavioural disorders at discharge from the ED among those in the AUD group (dashed line) and the comparison group (black line) for all causes of death. A greater proportion of those in the AUD group died during the study period compared with those in the comparison group.
The HR and 95% CI of all causes of death and selected causes of death are shown in table 3, for both genders combined. The HR for all causes of death was 1.91 (95% CI 1.51 to 2.42), for mental and behavioural disorders 7.62 (95% CI 2.76 to 21.07); for mental and behavioural disorders due to alcohol 47.68 (95% CI 11.56 to 196.59); for diseases of the circulatory system 2.52 (95% CI 1.73 to 3.68); for diseases of the digestive system 4.58 (95% CI 1.95 to 10.81); for chronic liver Table 4 shows the number of deaths, HR and 95% CI for all causes of death and selected causes of death among men and women separately. In the AUD group, 57 men and 15 women had died. The pattern of results among men was similar to the results where genders were analysed in combination, but among women, the number of deaths was too few to make any meaningful calculation for many of the causes of deaths in the model. However, these numbers are shown here for the completion.
In order to test whether patients with other alcoholrelated main diagnoses than those in F10 biased our HR, we counted the main diagnosis of alcoholic liver disease (ICD code K70) and toxic effect of alcohol (ICD-10, code T51) in the exposed and non-exposed groups. In all, 62 patients were found with these diagnoses (all in the comparison group), of whom five had died. The cause of death of each of the three patients was ICD-10, codes F10, I25, and X45, respectively, and the cause of death of the other two patients was K70. We subtracted these patients from the data and recalculated the HR corresponding to the results in table 3. The HR for all causes of death (A00-Y98) was 1.88 (95% CI 1.48 to 2.39). For mental and behavioural disorders (F00-F99) (HR=6.19 (95% CI 1.94 to 19.79)); for AUDs (F10) (HR=56.22 (95% CI 12.79 to 247.13)); for diseases of the circulatory system (I00-I99) (HR=2.54 (95% CI 1.74 to 3.72)); for ischaemic heart diseases (I20-I25) (HR=1.42 (95% CI 0.45 to 4.43)); for diseases of the respiratory system ( J00-J99) (HR=2.12 (95% CI 0.78 to 5.73)); for diseases of the digestive system (K00-K93) (HR=4.77 (95% CI 2.02 to 11.24)); for chronic liver disease (K70, K73-K74) (HR=16.27 (95% CI 5.46 to 48.46)); for alcoholic liver disease (K70) (HR=21.83 (95% CI 6.80 to 70.08)); for external causes of injury and poisoning (V01-Y98) (HR=3.87 (95% CI 2.37 to 6.33)); for accidental poisoning (X40-X49) (HR=9.44 (95% CI 2.34 to 38.05)); for suicide and intentional self-harm (X60-X84) (HR=2.78 (95% CI 1.11 to 6.95)); and for events of undetermined intent (Y10-Y34) (HR=11.01 (95% CI 4.60 to 26.33)). 
DISCUSSION
This population-based study showed increased all-cause mortality among people who visited the ED and received an AUD diagnosis compared to those who did not receive an AUD diagnosis, while taking into consideration mental disorders other than AUDs, frequency of visits, year of entrance, age and gender. The HR for all causes of death is almost double (HR=1.91), consistent with results from previous studies which have shown a significant relationship between alcohol abuse and increased mortality ratio. 1-3 16 According to Roerecke and Rehm's 2 meta-analysis, the relative risk for combined genders in population studies was 1.95 (CI 1.49 to 2.55). Care must be taken in this comparison since Roerecke and Rehm 2 included studies which are either based on patients with a clinical diagnosis of AUD or on persons with AUD identified through surveys in the general population, while the present study is based on patients diagnosed at the ED.
In this study, the all-cause mortality was higher among men than women; however, the number of deaths in women was few and the increased mortality was not statistically significant. Considering the differences in genders, Roerecke and Rehm 2 state that the RR for men was lower than that for women with AUD, and this was also consistent with previous meta-analysis. 1 In an Icelandic study, included in the meta-analyses, 2 3 Thorarinsson found a mortality ratio of 2.24 for alcoholic males 17 and our HR of 1.88 (CI 1.44 to 2.47) for men does not contradict that finding since different methods were used in identifying the exposed groups.
Parlesak et al 18 and Kinney 19 suggested an explanation for the differences between genders-how women's bodies are more susceptible to alcohol. Our results indicated that men in the AUD group are more likely to die from most causes of death than men in the comparison group. Women in the AUD group are more likely than women in the comparison group to die from alcoholrelated diseases such as AUD, mental and behavioural disorders, diseases of the circulatory system and from events of undetermined intent. However, there were too few women in this study to allow us to generalise due to the small amount of data. Population-based studies on AUDs and mortality among women seem to be lacking, 2 so this study has a unique position, however, small.
Alcohol is a major cause of chronic liver diseases worldwide 20 and our results are certainly in agreement: the HRs for chronic liver disease and alcohol liver disease were 14.69 and 19.06, respectively.
In this study, HR for AUD (ICD-10 code F10) is almost 50-fold. Unfortunately, this cause of death was not reported in recent meta-analysis. 3 According to McDonald et al 12 and Shultz et al, 21 AUDs are classified as alcoholrelated diagnosis with alcohol-attributable fraction 1.
In this study, high ratios were found for suicide, accidental poisoning and events of undetermined intent. Previous studies have found an association between alcohol use and suicide. 2 6 Mental disorders are also associated with suicide. 6 7 22 Our findings show that patients in the AUD group are frequent users of the ED. A previous study from Stockholm, Sweden on AUD patients similarly showed that these patients were frequent users of ED. 9 A recent study from Boston, Massachusetts showed that frequent users of the ED had alcohol-related visits and symptoms. 10 A study from UK found that alcohol users are not only frequent users of medical services like EDs, but are also underusers of preventative services. 23 Studies on unspecified frequent users of EDs indicate that they have poor physical and mental health, lack social support and are in socioeconomic distress. 24 25 Frequent users of the ED have higher all-cause mortality than those in the general population 26 27 and the risk for mortality from different causes increased with the increasing number of visits to the ED, in a doseresponse manner. 27 The increased mortality was not only due to natural causes of death, but also due to external causes, such as accidental poisoning and suicide, 26 27 which may indicate help-seeking behaviour that was unmet. These issues are, besides the statistical aspects, a further justification for including the number of visits as a covariate in this study. Concern may arise as to whether AUD cases are seeking wards at the psychiatric ED, general practitioners or other healthcare services and therefore underrepresented at the general ED in this study. If this is the case, it would eventually lead to a smaller sample of AUD patients at the ED; however, this will not disturb the classification of the patients in the study groups or necessarily bias the comparison between the groups in the study. Under-representativeness of AUD cases at the ED is unlikely as the generally held view that heavy alcohol consumers are frequent users of medical services and the accident and EDs is supported by a detailed study. 23 
Strength
The use of comprehensive population registries and the personal identification number, which enabled easy and accurate record linkage, strengthens the study. Thus, vital status was ascertained through the National Cause-of-Death Registry for all individuals, in the same way for the AUD group and the comparison group. Only 0.2% of the causes of death among the total cohort were reported on the death certificates as due to unknown and unspecified causes, indicating the quality of the information on the death certificates. The autopsy rate is about 14% of all deaths during the study period. 14 Death certificates in Iceland are issued by a physician. If the deceased person's physician is not able to attest the cause of death, or in cases where the circumstances of the death are unexplained, unusual, suspicious, due to intoxication or following an accident, the death is reported to the police and the medical examiner, who arrange for an autopsy and forensic investigations before the death certificate is issued. 28 Mather et al 29 studied death registration at a global level; the quality of registration data from Iceland was categorised as high overall and ranked in the same category as data from 23 developed countries, including the USA and the UK. The universal use of the personal identification number in the files of the ED enabled an accurate registration of whether and when the patients made repeated visits to the ED through record linkage, as well as counting the number of visits and identifying the discharge diagnosis. The setting is favourable for counting the number of visits to the ED and the discharge diagnosis, since the ED and the hospital were the only acute healthcare institutes of this kind serving the population in the catchment area and therefore did not face any competition from other similar institutes.
Limitations
The study material originates from a single academic healthcare institution in an urban setting, serving as the number one trauma centre and community hospital. This may limit the generalisability of the results. However, the size and the characteristics of the background population are known and the population is homogeneous, being 99% white Caucasian, with uniform financing within the healthcare system. In this prospective cohort study, we used the cumulative clinical information at the ED, which may lack systematisation but nevertheless is considered to reflect the routine operations of the ED, and the comprehensive population registries in a prospective design.
Another limitation of this study is the sole use of the main diagnosis at discharge from the ED, and we have only taken these diagnosis into account as an ever/never phenomenon. Many of the users of the ED surely also had other diagnoses than the main diagnosis, reported in the paper records not registered in the computerised records. Our procedure using only the main diagnosis does not ensure that we have identified all patients with mental disorders, and so there is a possibility of residual confounding due to mental disorders. Nevertheless, the main diagnosis at discharge is considered to reflect the main clinical evaluation of the attending physician, taking into account the patient's symptoms and his/her condition at the time of the visit. 30 There is an inherent weakness in cohort studies comparing the mortality of severe cases of AUD with that of the general population, since the majority of those with AUD in the general population are undiagnosed and never receive treatment, as pointed out in the earlier discussion. 2 The comparison group in these studies is contaminated with a considerable number of alcoholics, thus underestimating the mortality risk. Similar previous comparative studies, which are based on population surveys for AUDs, may also be handicapped due to a lack of accuracy in the diagnostic process (not clinical) and the fact that some of those with alcohol dependency or misuse are in denial, and are not detected in the surveys, but remain in the comparison groups.
In accordance with this discussion, the increased mortality risk found in this study may also be an underestimation.
In a sensitivity analysis we excluded patients with selected alcohol-related main diagnosis, such as alcohol poisoning (ICD-10 code T51), or alcohol liver disease (ICD-10 code K70), from the groups, and the HR did not change substantially, so the main results are not seriously underestimated for this reason.
The patients in this study were confined to those discharged home from the ED after diagnostic workup and initial treatment. Patients visiting the ED, who were admitted to a hospital ward, may differ from those who were discharged home. One may postulate that when patients were admitted to the hospital ward they were considered to be seriously ill or with severe injuries, and they were definitely under observation and treatment for a day or more, while those treated only at the ED did not stay there for more than a few hours. The physicians of the ED are responsible for the diagnosis and treatment of the discharged patients. Thus, the generalisability of this study may be limited to patients discharged from the ED.
CONCLUSION
AUD as the discharge diagnosis at the ED, among patients who were not admitted to a hospital ward but discharged home, predicts high overall mortality when taking into consideration age, gender, mental disorders, year of entrance and number of visits. Mental disorders from previous studies are known to be related to increased mortality, in this study reconfirmed, while number of visits to the ED may be a new risk indicator among those with AUD. The mortality was specifically increased for alcohol-related diseases such as mental and behavioural disorders due to alcohol, and alcohol liver diseases, as well as for diseases of the circulatory system, accidental poisoning, suicide and events of undetermined intent. As the results conclusively show the vulnerability of these patients, one can question whether their needs are adequately met at the ED.
